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A b s t r a c t ; M uscovite  m ica is used for vario us purposes like production of high  
throughput-m icrofilters as w e ll as to identify  p roducts of nuclear reactions in the  
forw ard d irectio n . For th ese purposes a know ledge of the total etchab le track  
lengths of several heavy ions under optimum etch ing  co nd itio ns is essentia l. 
Here w e  present our results obtained for m axim um  etchab le track lengths of <"Ar 
(1 8 .5 6  M e V / u ) , ' ” X e ( 1 7 .0 - 5 .8  M eV /u), *"*'Pb (17.1 M eV/u) a n d ’ “"U (8 .3  
and 13 .7  M eV /u). Experim ental track  lengths are com pared w ith  the theoretical 
values derived from the com puter code ‘R A N G E ’ and a fa irly  good agreem ent has 
been observed.
K e y w o rd s  :
r“"Pb,
M axim um  etchable track length, m uscovite m ica , *"A r, “ ‘ Xe,
P A C S  N o s  : 2 9 .4 0 . -  n, 2 9 .7 0 . -  e
I. Introduction
Utilization of solid state nuclear track detectors for various purposes especially for 
particle identification and production of microfilters requires knowledge of the 
damage created by different ionizing radiations. In recent years, muscovite mica 
has been successfully used in the production of high throughput-microfilters (Vater 
1988 and Guo Shi-Lun et ol 1988) using heavy ion beams. However, for produc­
tion of high quality mica filters of varied thickness, it is of utmost importance to 
study the total etchable track lengths of several heavy ions under optimum etching 
conditions. The maximum etchable track lengths in muscovite mica for ^*®Xe 
(17 .0 -5 .8  MeV/u), ®“«Pb (17.1 MeV/u) and (8.3 and 13.7 MeV/u) were 
determined. The maximum etchable track length for ^'’Ar could not be determined 
for reasons which have been discussed under Section 3. The experimental track 
lengths were also compared with the theoretical values derived from the computer 
code 'R A N G E ' (Dwivedi 1988). The measuring accuracy §nd the significance of 
the experimental results are discussed.
2. Experimental
2.1. Irradiation :
Background free circular pieces of muscovite mica [K A l2 (0H )sS isA I0 io ] of 
thickness '>■ ' 500 /xm were exposed to well collimated beams of some heavy ions of 
10 241
242 S w a rn a li Ghosh ond K  K  DwIvedI
different energies at UNILAC, GSI, Darmstadt. The different heavy ions used and 
their energies are as fo llo w s— * ”Ar (18.56 MeV/u), ^®®Xe, (5.8,7.4,9.2,12.0,
14.7 and 17.0 MeV/u). All irradiations were done at an angle of 45” to the surface 
of the detector with an optimum flux of 10*/cm®.
2.2. E t c h in g  c o n d it io n s  :
A ll the irradiated mica pieces were etched in 2 0 'u HF at 55 ±  T ’C  till the latent 
tracks were completely developed. It may be referred to here that mica detectors 
have been etched by 40 -48,;. HF (Dwivedi and Mukherji 1979a, Fleischer et al 
1964). But in the present work we have found that a dilute solution of HF (20 ;..) 
helps to develop more uniform cylindrical tracks in mica with much less spurious 
background at the surface. The etching time was suitably adjusted to get fully 
etched tracks in each detector.
2 .3 . M eo su rem en t o f  t r a c k  le n g th  :
After etching, the samples were washed and dried. Projected lengths of tracks 
were measured with a Leitz 'Laborlux D ' optical microscope at 625X magnification ; 
the track diameters were measured at 1562.5X magnification.
M ica show s anisotropy in bulk etching. The bulk etch rate along the surface 
is nearly 20 times larger than the rate normal to the surface. Therefore, the loss 
of track length due to surface etching is negligible and no etching corrections are 
required in mica. The maximum etchable track length (L) can be calculated from 
the projected lengths (I) simply by using the following formula
L = f sec ^ ( 1 )
where ^ is the angle of incidence of the ion beam.
Length of several hundred tracks of each ion were measured in order to obtain 
more representative and statistically rich data.
2.4. Error analysis :
The accuracy in track measurement at a magnification of 625X and 1562.5X was 
found to be ±  1.2 ^m and ±  0.44 ftm respectively. The standard deviations in 
track length was obtained from distribution curves and were found to vary between
1.7 to 2.34 A»m. The overall error in track length distribution range from 2.0 
to 2.6 ftm.
3. Results and discussion
The track length In an SSN TD  is just that part of the range of the heavy ion over 
which the actual energy loss rate of the ion remains above a threshold value which 
is characteristic of the detector material and is represented by (dE/dX)e. For mica,
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the value of (dE/dX)e was found to be nearly 13.0 MeV cm® (Dwivedi and 
Mukherji 1979b, Fleischer et ol 1965). The energy-loss rate of ^®®Xe, *°®Pb and 
®®®Uinmica remains higher than the critical value for the entire energy jegion 
whereas for * ‘'A r ions with energy above 7.0 MeV/u, the energy-loss rate is less 
than the critical value. Since *"A r ions with energy 18.56 MeV/u were used in the 
present work, therefore, no etchable tracks were observed at the mica surface. 
However, on etching the mica samples after cleaving into thin sheets, some partially 
etched tracks could be observed but the maximum etchable track lengths could not 
be measured for 18.56 MeV/u * ”Ar ions in mica.
The maximum etchable track lengths of ^^®Xe at six different energies between
5.8 to 17.0MeV/u, ®""Pb at 17.1 MeV/u and at 8,3 and 13.7 MeV/u were 
measured in mica. Figure 1 shows a plot of the maximum etchable track lengths
F ig u re  I .  A  plot of experim ental track lengths at d ifferent energ ies for ‘ ’ 'X e  
ions in m ica a longw ith theoretical va lues obtained from the com puter code  
'R A N G E '(D w iv e d i 1 9 8 8 ).
at different energies for ^®®Xe in mica. The solid circles are our experimental data 
whereas the curve represents the theoretical values derived from the computer code 
'R A N G E ' (Dwivedi 1988). Figure 2 shows the similar plot for ®-’®U in mica. For
tooiij[_ in Mico
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F ig u re  2. A  plot of experim ental track lengths at d ifferent energ ies for ions 
in  m ica  a lo n g w ith  theoretical values obtained from the com puter co de 'R A N G E' 
(D w iv e d i 1 9 8 8 ).
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aospb we have measured track lengths only at energy 17.1 MeV/u, therefore a track 
length distribution curve is constructed and shown in Figure 3. The mean track 
length was found to be 125.2 ±  2.6 /^ m.
F ig u r e s .  T rack  length d istributio n  curve for 17.1 M e V / u i n  m ica. The  
most probable track length w as found to 1 2 5 .2  ±  2 .6  , m.
Table 1 summarizes our experimental data on maximum etchable track length 
of 2^®Pb and ions in mica alongwith the corresponding theoretical
T a b le  I. M axim um  etchab le  track lengths of ***Xe, * ° “Pb  
and in m usco vite  m ica.
Ion Energy
(M eV /u)
M axim um  etchab le  
track length (/^m)
Experim ental 
(P resent w ork)
T h eo re­
t ica l*
»^ Xe
Tb
5 .8 5 0 .0  ±  2 .4 4 9 .0
l A 6 3 .3  ±  2 .0 6 0 .5
9 .2 7 6 .0  ±  2 .6 7 5 .2
1 2 .0 9 9 .5  ±  2 .6 9 8 .0
14.7 1 2 1 .9  ± 2 .6 1 2 2 .8
17 .0 1 4 1 .0  ± 2 . 6 1 4 5 .0
17.1 1 2 5 .2  ± 2 .6 122.1
8 .3 6 4 .5  ±  2 .4 6 5 .0
1 3 .7 1 0 4 .0  ± 2 .6 1 0 0 .0
•from com puter co d e 'R A N G E* (D w iv e d i 1 9 8 8 ).
values obtained from computer code 'R A N G E ' (Dwivedi 1988). The present experi­
ment further supports the earlier investigations (Dwivedi et al 1986, Saxena et al 
1987 and Ghosh et al 1988) that the stopping power equations of Mukherii and
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coworkers (Mukherji and Srivastava 1974, Srivastava and Mukherji 1976, Mukherji 
and Nayak 1979, Dwivedi and Mukherji 1979b) which are used in computer code 
'R A N G E ', predict the most reliable values of heavy ion track lengths in complex 
solids.
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